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INTRODUCTION 


The  purpose  of  this  report  is  to  present  navigation,  bathymetric, 
and  geomagnetic  data  collected  aboard  U.S.N.S.  ELTANIN  during  cruises 
16-21  inclusive.  These  data  and  those  obtained  on  other  U.S.N.S.  ELTANIN 
cruises  constitute  a  significant  portion  of  all  existing  measurements  of 
this  type  for  high  latitude  in  the  southern  ocean.  A  major  part  of  the 
data  presented  here  have  not  yet  been  studied  in  detail,  although  some 
segments  of  it  have  been  used  in  publications.  Because  of  the  current 
interest  in  the  analysis  of  marine  geomagnetic  anomalies  and  marine  morph¬ 
ology  in  terms  of  global  tectonic  processes,  the  data  should  be  made  avail¬ 
able  in  preliminary  form.  A  substantial  effort  on  the  part  of  many  indi¬ 
viduals  has  gone  into  the  collection  and  reduction  of  approximately  40,000 
nautical  miles  of  data  summarized  here.  These  cruises  are  much  shorter 
than  the  typical  ones  reported  in  this  series  of  publications.  To  facili¬ 
tate  use  of  the  same  format  throughout  the  series,  the  individual  cruises 
in  this  volume  will  be  treated  as  though  each  were  one  leg  of  a  longer 
cruise. 

The  main  contents  of  the  report  are  introductory  matter,  tabula¬ 
tions  of  navigational  information  in  Part  A,  and  profiles  of  topography 
and  total  magnetic  field  intensity  anomaly  plotted  against  distance  along 
the  ship's  track,  in  Part  B.  Index  maps  show  the  ship's  track  and  indi¬ 
cate  distance  along  the  track  by  means  of  tick  marks  at  intervals  of  100 
nautical  miles.  These  maps  and  the  lists  of  navigational  data  allow  one 
to  obtain  the  geographic  coordinates  for  any  point  or  section  of  the 
plotted  profiles.  The  profiles  of  topography  are  plotted  at  a  vertical 
exaggeration  of  100:1.  The  units  of  depth  used  are  nominal  fathoms  (1/400 


2 


5 

sec  reflection  time).  Geomagnetic  anomalies  are  plotted  in  gammas  (lCr 
gammas  =  1  oersted).  They  are  obtained  by  subtracting  the  regional  mag¬ 
netic  field  from  the  observations  of  the  total  magnetic  field  as  described 
in  the  section  on  data  reduction.  The  topographic  and  geomagnetic  profiles 
are  plotted  with  respect  to  distance,  which  is  annotated  at  intervals  of 
200  nautical  miles  near  the  bottom  of  each  profile.  In  addition,  tick 
marks  shown  below  the  distance  scale  indicate  the  distance  at  which  any 
change  in  course  or  speed  occurred.  The  course  and  speed  at  any  time  (or 
distance)  can  be  determined  by  examining  the  navigational  listings.  West 
longitudes  are  designated  as  negative  as  are  the  south  latitudes.  All 
times  are  Greenwich  Mean  Times.  Mileage  is  accumulated  distance  in  nau¬ 
tical  miles  along  the  ship's  track,  reset  to  zero  at  the  beginning  of  each 
new  cruise.  The  course  and  speed  applies  to  the  time  interval  following 
the  entry. 

INSTRUMENTATION 


A  Varian  proton  precession  magnetometer  was  used  for  all  magnetic 
measurements.  The  instrument  was  towed  approximately  800  ft.  astern  of 
the  ship.  The  accuracy  of  this  type  of  instrument  has  been  discussed  by 
many  (e.g.  Heirtzler,  1961,  Bullard  and  Mason,  1963)  and  is  generally 
accepted  to  be  about  -  10-13  gammas.  Data  were  recorded  continuously  on 
an  analog  strip  chart  recorder  and  also  digitally  on  punched  paper  tape 
at  a  one  minute  sampling  interval. 

A  12  KHZ  transducer  with  an  effective  half  angle  of  30°  was  used 
with  a  Times  Facsimile  recorder  for  the  precision  depth  measurements. 
Relative  depths  can  be  resolved  to  about  one  fathom  (1/400  sec  reflection 
time)  in  any  depth  in  regions  of  low  to  moderate  relief.  Side  echoes 


are  common  in  areas  of  high  relief  and  the  resolution  of  small  amplitude 
relief  is  extremely  difficult  in  such  areas. 

For  ELTANIN  Cruises  16-19  inclusive  the  primary  source  of  naviga¬ 
tion  was  celestial  navigation  supplemented  by  dead  reckoning  information 
(E-M  log  and  gyrocompass).  Under  extremely  favorable  conditions,  celes¬ 
tial  fixes  can  be  obtained  with  an  accuracy  of  about  -  1  nautical  mile. 
Weather  conditions  during  the  austral  winter  were  such  that  reliable  cel¬ 
estial  fixes  were  sometimes  separated  by  several  days.  Under  these  con¬ 
ditions,  the  inferred  position  of  the  ship  during  these  intervals  could 
be  in  error  by  several  tens  of  miles.  No  attempt  has  been  made  here  to 
evaluate  these  errors  by  comparing  uncertain  tracks  with  satellite  con¬ 
trolled  tracks  for  discrepancies  in  observed  geophysical  parameters  (e.g. 
depth).  This  could  be  done,  but  a  unique  solution  for  resolving  the  dis¬ 
crepancies  would  be  unlikely  in  view  of  the  sparse  number  of  ship's  tracks 
in  the  areas  in  question.  The  users  of  this  data  should  allow  for  the 
fact  that  data  collected  on  cruises  16-19  are  subject  to  large  positional 
uncertainties. 

Beginning  with  ELTANIN  Cruise  20  the  Navy  navigation  satellite 
system  (Guier,  1966)  was  used  to  obtain  frequent  and  precise  fixes.  The 
ship's  electromagnetic  (E-M)  log  and  gyrocompass  were  used  by  navigating 
officers  to  interpolate  the  ship's  track  between  satellite  fixes.  Some 
experiences  with  the  satellite  navigation  system  at  sea  have  been  reported 
by  Talwani  et  al.  (1966). 

The  digitized  navigation  data  contained  in  this  report  were  taken 
directly  from  the  daily  deck  logs  at  each  change  of  course  or  speed. 
Positions  as  found  in  the  deck  log  are  given  only  to  the  nearest  whole 
minute  of  latitude  and  longitude.  Positions  based  on  satellite  naviga- 
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tion  should  be  generally  accurate  to  one  nautical  mile,  though  errors  of 
five  nautical  miles  or  more  are  possible  under  extremely  unfavorable  con¬ 
ditions. 

Occasionally  obvious  errors  are  present  in  the  deck  log  entries 
and  these  have  been  corrected  in  the  digitized  navigational  data. 

DATA  REDUCTION 

All  data  were  digitized  and  reduced  with  the  aid  of  an  IBM  1620 
digital  computer  and  on-line  Calcomp  plotter.  The  navigational  informa¬ 
tion  (time,  latitude,  longitude)  is  first  put  in  digital  form  and  stored 
in  the  computer.  All  data  (depth  and  total  field)  are  then  reduced  in 
terms  of  geographic  coordinates  and  distance  along  the  track,  using  time 
as  the  dependent  variable.  The  precision  echo-grams  were  digitized  on  a 
Thomson  digitizing  table  at  an  irregular  sampling  interval  of  one  to  15 
minutes,  depending  on  the  relief.  The  average  sampling  represents  about 
one  sounding  per  nautical  mile.  Topographic  relief  of  smaller  wave¬ 
length  cannot  be  usefully  resolved  on  plots  at  the  scales  presented  here. 
Slope  corrections  have  not  been  applied  and  the  soundings  plotted  here 
have  not  been  corrected  for  variation  of  sound  velocity  in  water.  The 
latter  corrections  are  of  the  order  of  100  fm  in  about  3000  fm  in  water. 
The  bathymetric  reduction  program  allows  the  user  the  option  to  apply 
sound  velocity  corrections  according  to  Matthews  1939  tables. 

The  magnetometer  data  were  introduced  into  the  computer  by  either 
digitizing  the  analog  records  or  by  using  the  carefully  edited  digital 
punched  tape — depending  on  the  quality  of  the  respective  records.  The 
geographic  coordinates  and  track  distance  were  computed  for  each  sampling 
point,  again  using  the  navigational  data  with  time  as  the  dependent 
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variable.  The  regional  field  was  determined,  using  a  modified  computer 
program  (Heirtzler  and  Nabighian)  from  the  Goddard  Space  Flight  Center, 
which  describes  the  regional  field  by  spherical  harmonics  of  degree  and 
order  7  (Cain  et_  al.  ,  1964). 

No  indications  have  been  given  about  magnetically  quiet  or  dis¬ 
turbed  days  and  no  corrections  have  been  applied  for  diurnal  variations 
of  the  magnetic  field.  The  latter  variations  are  of  the  order  of  90 
gammas  per  day  in  the  area  of  interest  and  would  have  long  apparent  wave¬ 
lengths  not  likely  to  be  confused  with  anomalies  arising  from  sources  in 
the  earth's  crust.  Secular  variations  are  effectively  removed  as  part  of 
the  regional  field  by  considering  the  time  derivatives  of  the  harmonic 
coefficients  which  define  the  regional  field. 
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Lamont -Doherty  Geological  Observatory  Personnel  -  Geophysics  Party- 
Aboard  U.S.N.S.  ELTANIN 


Cruise  #16  28/I/65  -  25/11/65 

Auckland,  N.Z.  Wellington,  N.Z. 

Robert  Houtz 
David  Massey 
Lawrence  Oblinger 
James  Raymond 
Donald  Wickland 


Cruise  #17  12/111/65  -  15/7/65 

Wellington,  N.Z.  Valparaiso,  Chile 

Robert  Leyden 
David  Massey 
Lawrence  Oblinger 
Fred  Rosselot 
Thomas  Wustenberg 


Cruise  #l8  2 5/V/65  -  I6/VI/65 

Valparaiso,  Chile  Talcahuano ,  Chile 

David  Massey 
Lawrence  Oblinger 
Thomas  Wustenberg 


Cruise  #19  6/VI 1/65 

Talcahuano , Chile 


3/IX/65 
Auckland,  N.Z. 


George  Carpenter 
David  Massey 
Lawrence  Oblinger 
Thomas  Wustenberg 


Cruise  #20  14/IX/65 

Auckland,  N.Z. 


12/XI/65 

Valparaiso,  Chile 


Ellen  Herron 
Lawrence  Oblinger 
Walter  Pitman 
Thomas  Wustenberg 


Craise  #21  23/XT/65  -  7/1/66 

Valparaiso,  Chile  Punta  Arenas,  Chile 

David  E.  Epp 
Bruce  F.  Molnia 
Lawrence  Oblinger 
Thomas  Wustenberg 


V 


9 


SELECTED  REFERENCES 

Bullard,  E.C.  and  R.G.  Mason,  The  magnetic  field  over  the  ocean;  In 

The  Sea,  Vol.  Ill,  Ed.,  M.N.  Hill,  Interscience,  New  York,  1963, 

963  PP. 

Cain,  J.C. ,  S.  Hendricks,  W.E.  Daniels,  and  D.C.  Jensen,  Computation  of 
the  main  geomagnetic  field  from  spherical  harmonic  expansions; 
Goddard  Space  Flight  Center  Publ.  X-6ll -64-316 ,  1964,  47  pp. 

Ewing,  M. ,  R.  Houtz  and  J.  Ewing,  South  Pacific  sediment  distribution; 

J.  Geophys.  Res,  (in  press). 

Guier,  W.H. ,  Satellite  navigation  using  integral  Doppler  data,  the  AN/SRN-9 
equipment;  J.  Geophys.  Res. ,  Vol.  71,  No.  24,  p.  3903,  1966. 

Hayes,  D.E. ,  A  geophysical  investigation  of  the  Peru-Chile  Trench;  J. 

Marine  Geol.  and  Geophys. ,  Vol.  4,  p.  309,  1966. 

Heezen,  B.C.,  M.  Tharp  and  C.D.  Hollister,  Illustration  of  the  Marine 

Geology  of  the  Southern  Oceans,  Symposium  on  Antarctic  Oceanography, 
Santiago,  Chile,  1966. 

Heirtzler,  J.R. ,  Verna  cruise  No.  16  geomagnetic  measurements;  Technical 

Report  No.  2,  CU-3-6l-Nonr-Geology ,  Lamont  Geological  Observatory, 
Palisades,  N.Y. ,  1961. 

Herron,  E.M.  and  D.E.  Hayes,  A  geophysical  study  of  the  Chile  Ridge, 

Earth  and  Planet.  Sci.  Ltrs.  (In  press). 

Kroenke,  L.W.  and  G.P.  Woollard,  Magnetic  investigations  in  the  Labrador 
and  Scotia  Seas,  USNS  ELTANIN  Cruises  1-10,  1962- 1963;  Hawaii 
Institute  Geophysics  Rept.  HIG-68-4,  1968. 

Le  Pichon,  X.,  Sea-floor  spreading  and  continental  drift;  J.  Geophys.  Res. , 
Vol.  73,  No.  12,  p.  3661,  1968. 


Matthews,  D. J. ,  Tables  of  the  velocity  of  sound  in  pure  water  and  sea 

water  for  use  in  echo -sounding  and  sound  ranging;  2nd  Ed. ,  H.M. 
Stationery  Office,  London,  522  pp. ,  1939- 

Menard,  H.W. ,  Marine  Geology  of  the  Pacific,  Me  Graw  Hill,  New  York 
271  pp.  1964. 

Pitman  III,  W.C.,  E.M.  Herron  and  J.R.  Heirtzler,  Magnetic  anomalies  in 
the  Pacific  and  sea  floor  spreading;  J.  Geophys.  Res.  ,  Vol.  73» 
No.  6,  p.  2069,  1968. 

Pitman  III,  W.C.  and  J.R.  Heirtzler,  Magnetic  anomalies  over  the  Pacific 
Antarctic  Ridge,  Science ,  Vol.  154,  p.  1164 ,  1966. 

Sykes,  L. ,  Seismicity  of  the  South  Pacific  Ocean;  J.  Geophys.  Res. , 

Vol.  68,  No.  21,  p.  5994,  1963. 

Talwani ,  M. ,  J.  Dorman,  J.L.  Worzel  and  G.M.  Bryan,  Navigation  at  sea  by 
satellite;  J.  Geophys.  Res. ,  Vol.  71 »  No.  24,  p.  5891?  1966. 


150  155  160  165  170  175  180  -175  -170  -165  -160  -155  -150  -145  -140  -135  -130  -125  -120  -115  -110  -105  -100  -95  -90  -85  -80  -75  -70 


11 


17D  175  1BQ  -175  -170  -165  -160  -155  -150  -145  -140  -135  -130  -155  -150  -115  -110  -105  -100  -95  -90  -05  -00  -75  -70 


12 


-70 


1_65  170  175  180  -175  -170  -165  -160  -155  -150  -145  -140  -135  -130  -135  -130  -115  -1  10  -105  -100  -95  -90  -85  -80  -75  -70 


13 


ILFS  HOUR  DY  MO  L  A  T  I  TUDF  LONGITUDE  COUR  KTS  409.6  1830  29  1  -40  34.0  179  16.0  255 
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IN  TR  ODU  C  T  ION 


The  ocean  floor  is  divided  into  large  physiographic  provinces 
each  of  which  is  covered  by  deposits  with  a  common  set  of  charac¬ 
teristics.  An  understanding  of  the  inter-relationships  between 
physiography  and  sediment  type  is  fundamental  to  effective  use  of 
the  ocean  floor  as  an  acoustic  interface.  A  prime  objective  of  the 
Marine  Geophysical  Survey  Project  of  the  U.S.  Naval  Oceanographic 
Office  was  to  define  the  effects  of  physiography  and  sediment  on  sound 
reflection,  refraction,  and  absorption  at  or  near  the  water -sediment 
interface.  The  problem  is  receiving  considerable  attention  today 
(Egs.  Heezen  et  al.  ,  1967;  Hamilton,  1969a;  1969b;  1969c;  Hamilton 
et  al.  ,  1969;  and  Horn  et  al.  ,  1968a,  1968b). 

A  survey  of  bottom  topography  and  acoustic  properties  of  the 
floor  of  the  Hatteras  Abyssal  Plain  was  conducted  as  part  of  the 
Marine  Geophysical  Project  (Atlantic  Area  2,  Alpine  Geophysical 
Associates).  Our  study  presents  additional  information  on  sediments 
of  the  same  area.  Lamont  has  collected  320  cores  from  the  region 
which  represents  an  increase  in  control  on  the  distribution  and 
properties  of  sediments  of  over  30  times  that  provided  by  coring 
activities  of  the  MGS  Project.  With  these  data  on  hand  it  should  be 
possible  to  test  whether  or  not  sonic  properties  of  the  ocean  floor 
are  strongly  related  to  topography  and/or  sediment. 
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In  Figure  1  are  given  MGS  Atlantic  Area  2  and  the  area 
described  in  this  report.  The  latter  is  slightly  larger  in  order  to 
include  all  regions  within  and  around  the  Hatteras  Abyssal  Plain 
which  constitute  distinct  sedimentary  environments.  A  comple¬ 
mentary  report  on  the  Sohm  Abyssal  Plain  is  available  (Horn  et  al.  , 
1969b). 

METHODS 

Most  cores  at  Lamont  were  taken  by  scientists  and  crews  of 
research  vessels  VEMA  and  ROBERT  D.  CONRAD  under  the 
direction  of  Professor  Maurice  Ewing.  All  were  examined  and 
101  selected  as  relevant  to  the  purpose  of  the  investigation.  Of 
these,  66  have  been  matched  to  75  acoustic  stations  of  the  Marine 
Geophysical  Survey  Project,  some  cores  being  related  to  more 
than  one  station.  Matching  of  core  data  to  MGS  stations  is  shown 
on  maps  depicting  submarine  physiography  and  sediments  of  the 
area  (Figs.  4  and  5);  whereas  specific  data  on  each  core  are  listed 
in  the  Appendices. 

Diameter  of  the  cores  is  2  1/2  inches,  and  they  range  in 
length  from  3  to  54  feet  (average  23  feet).  A  complete  description 
of  the  coring  procedure  and  storage  methods  at  the  Observatory  has 
been  given  by  Ericson  et  al.  ,  1961. 

Mean  grain  size  has  been  adopted  as  an  index  of  the  speed  at 
which  sound  travels  through  unconsolidated  deep-sea  sediments 
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Figure  1.  Index  map  showing  locations  of  study  area  and  MGS  AREA  2, 
Northwest  Atlantic.  (Submarine  physiography  is  from  a 
portion  of  the  Physiographic  Diagram,  Atlantic  Ocean, 
published  by  The  Geological  Society  of  America.  Copy¬ 
right  (c)  1957  by  Bruce  G.  Heezen.  Reproduced  by  permis¬ 
sion.  ) 
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(hereafter  referred  to  as  sound  velocity  or  velocity)  because  there  is 
a  strong  correlation  between  particle  size  and  sound  velocity  (Horn 
et  al.  ,  1968,  1968b).  Cores  were  first  described  then  sampled  for 
textural  analysis.  Mechanical  analysis  followed  the  combined  sieve- 
pipette  technique  outlined  by  Folk  (1968).  Gravel  and  sand  fractions 
were  sieved  through  calibrated  nests  of  8-inch  sieves  at  1/4  phi 
intervals.  Mud  and  clay  were  analyzed  by  the  pipette  method  with 
aliquotes  taken  at  1/2  phi  intervals. 

Under  a  separate  program,  sound  velocities  were  determined 
through  linered  cores  which  were  immediately  split  and  sampled  at 
the  precise  points  where  velocity  measurements  had  been  made.  The 
results  enable  us  to  relate  sound  velocities  to  562  determinations  of  mean 
size  and  1093  of  wet  density.  Plots  of  mean  grain  size  versus  velocity 
and  wet  density  versus  velocity  are  given  in  Figures  2  and  3.  All 
laboratory  measurements  of  velocity  are  adjusted  to  23  °C  and  a 
pressure  of  1  atmosphere.  Least  squares  curves  to  the  third  order 
were  then  fitted  to  these  data  by  computer  and  predictions  of  the 
velocities  made  at  specific  intervals  of  mean  size  and  wet  density. 
Appendix  C  lists  velocities  related  to  a  range  of  mean  grain  size  from 
0.  50  to  500  microns  and  wet  densities  from  1.  18  g/cc  to  2.  28  g/cc. 

If  the  results  are  to  be  compared  with  in  situ  measurements  they  must 
first  be  corrected  to  prevailing  conditions  of  temperature  and  pressure 
(see  Hamilton,  1963,  1969c). 
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Figure  2. 


Mean  grain  size  of  unconsolidated  deep-sea  sediments 
plotted  against  sound  velocity  through  sediment. 
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Figure  3. 


Wet  density  of  unconsolidated  deep-sea  sediments  plotted 
against  sound  velocity  through  sediment. 
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Predictions  of  wet  densities  and  sound  velocities  of  cores 
from  the  Hatteras  Abyssal  Plain  are  given  in  Appendix  D.  They  were 
determined  using  the  listing  presented  in  Appendix  C.  The  method 
employed  in  predicting  wet  densities  and  velocities  is  to  determine 
the  mean  size  of  a  given  layer  by  conducting  a  textural  analysis  of  a 
representative  sample  from  the  layer.  The  resulting  average  size  is  then 
entered  into  the  listing  given  in  Appendix  C  and  corresponding  densities 
and  velocities  are  taken  from  the  table.  These  values  in  conjunction  with 
others  are  used  to  draw  the  velocity  and  wet  density  profiles  of  the  cores  in 
Appendix  D.  Tests  of  the  predictions  against  laboratory  measurements 
are  in  progress  and  initial  successes  afford  confidence  in  the  procedure. 

The  format  of  the  report  is  constructed  such  that  the  reader  can 
locate  either  an  MGS  station  or  core  within  his  area  of  study  by  re¬ 
ferring  to  Figures  4  and  5.  After  selecting  a  station  or  core,  Appendix  D 
can  be  used  to  obtain  details  of  sediment  lithology  along  with  predictions 
of  wet  density  and  sound  velocity. 

ACOUSTIC  DOMAINS  OF  THE  OCEAN  FLOOR 
In  recent  years  attention  has  been  directed  toward  understanding 
properties  of  the  ocean  floor  which  bear  on  the  use  of  low  frequency 
profiling  equipment  and  sonic  devices  employing  the  bottom  as  an 
acoustic  interface.  Initially  most  investigations  of  sonic  properties 
of  sediments  were  confined  to  laboratory  measurement  of  sound  velo¬ 
city  through  cores  of  marine  deposits  (e.  g.  ,  Hamilton  et  al.  ,  1956; 
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Sutton  et  al.  ,  1957;  Nafe  and  Drake,  1957,  1961,  1963;  Shumway, 

1958,  1960a,  1960b;  Schreiber,  1968;  Horn  et  al.  ,  1968a;  and  many 
others).  Under  the  leadership  of  Hamilton,  critical  information  is 
being  gathered  by  divers  and  submersible s  which  links  experimental 
and  in  situ  results  (Hamilton  et  al.  ,  1956,  1969;  Hamilton,  1963). 

The  entire  subject  of  acoustic  and  related  properties  of  marine 
sediments  is  thoroughly  described  in  a  series  of  excellent  reports 
by  Hamilton  (1969a,  1969b,  1969c).  The  main  conclusion  drawn 
from  the  investigations  is  that  a  strong  correlation  exists  between 
acoustic  and  other  physical  properties  of  unconsolidated  marine 
sediments . 

The  success  of  relating  sound  velocity  to  certain  properties  of 
sediments  has  led  to  considerable  expansion  of  efforts  which  combine 
marine  geology  and  acoustics  of  the  sea  floor.  Current  research  is 
directed  toward  defining  major  regions  of  the  world's  oceans  which 
possess  similar  sonic  properties  (Heezen  et  al.  ,  1967).  Heezen  and 
his  associates  pointed  out  that  acoustic  domains  coincide  with  major 
physiographic  provinces  of  the  world's  oceans. 

At  the  same  time,  Hamilton  (personal  communication)  advocated 
that  in  order  to  understand  the  acoustic  character  of  the  sea  floor,  it 
was  necessary  to  have  knowledge  of  submarine  physiography  along 
with  sedimentary  environments  and  processes.  He  discusses  the 
thesis  in  detail  in  his  recent  reports  (Hamilton,  1969a  and  1969c). 


9 


Such  reasoning  led  to  compilation  of  physiographic  maps  and 
definition  of  sedimentary  provinces  of  the  North  Pacific  by  Horn 
et  al.  (1968b,  1969a,  1970a,  1970b). 

The  concept  very  briefly  stated  is  that  physiography  plus 
sediment  determine  the  acoustic  nature  of  the  ocean  floor.  A 
final  test  of  the  thesis  remains  to  be  made.  The  northwest  Atlantic 
possibly  offers  the  most  complete  set  of  data  for  such  work.  This 
report  provides  details  of  sediment  types  and  their  distribution 
within  and  around  the  Hatteras  Abyssal  Plain.  In  addition,  the 
position,  thickness  and  character  of  reflective  horizons  are- given. 
Predictions  of  parameters  used  to  calculate  acoustic  impedance  of 
layers  comprising  cores  are  listed  in  Appendix  D.  Acoustic  measure¬ 
ments  and  descriptions  of  physiography  are  contained  in  the  reports 
of  the  Marine  Geophysical  Survey  Project  (e.  g.  ,  Schreiber,  1967) 
and  on  physiographic  diagrams  compiled  by  Heezen  and  Tharp 
(1957  and  1968).  If  the  underlying  premise  is  correct,  there  should 
be  a  strong  correlation  between  reflectivity,  physiography  and 
sediment  type. 

DISTRIBUTION  OF  LAYERS  CONSIDERED  POTENTIAL  REFLECTORS 

OF  SOUND,  HATTERAS  ABYSSAL  PLAIN  AND  ENVIRONS 

General  statement 

Sound  reflection  at  or  just  below  the  water -sediment  interface 
is  a  function  of  many  variables,  not  the  least  of  which  are  roughness 
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(geometry,  shape)  and  distribution  of  sediment  layers  which  represent 
abrupt  impedance  contrasts  within  the  sediment  section.  The  relation 
of  roughness  to  acoustic  properties  of  the  sea  floor  is  the  subject  of 
research  being  conducted  by  Dr.  G.  M.  Bryan  at  Lamont- Doherty 
Geological  Observatory.  Only  major  submarine  physiographic  ele¬ 
ments  of  the  Hatteras  Abyssal  Plain  and  contiguous  areas  are  pre¬ 
sented  here  (Figs.  4  and  5).  In  the  region  of  the  Hatteras  Abyssal 
Plain,  distribution  of  reflecting  horizons  is  directly  related  to 
coarse  layer s  deposited  by  turbidity  currents. 

Well-defined  sand  and  silt  units  of  intermediate  to  high  sound 
velocity  and  wet  density  (sharp  contrasts  of  acoustic  impedance) 
have  been  divided  into  four  qualitative  classes.  They  are  consid¬ 
ered  potential  reflectors  of  sound  and  include:  1)  Good  reflector  -- 
>10  cm  thick,  2)  Intermediate  reflector  --  5  to  10  cm  thick, 

3)  Poor  reflector  --  <C5  cm  thick  with  clear-cut  upper  and  lower 
limits,  and  4)  Questionable  --<5  cm  thick  with  poorly  defined 
limits.  Position  and  thickness  of  these  layers  are  shown  graphi¬ 
cally  in  Appendix  D. 

Distribution,  thickness  and  position  in  the  sediment  section  of 
good  and  intermediate  reflectors  (classes  1  and  2)  are  given  in 
Figure  4.  Thinner  layers  (classes  3  and  4)  are  not  included  in 
Figure  4  for  the  following  reasons:  1)  they  may  be  acoustically 
transparent,  and  2)  they  tend  to  blur  boundaries  between  areas  of 
good  reflectors  and  regions  where  there  are  none.  Should  a  need 


arise  for  information  on  the  distribution  of  lower  ranks  of  poten¬ 
tial  reflectors  they  occur  along  the  western  margin  of  the  Hatteras 
Abyssal  Plain  within  two  regions  identified  as  predominantly  clay 
with  occasional  silt  layers  (Fig.  5).  Their  position  and  thickness 
are  also  indicated  in  Appendix  D.  If  major  textural  divisions  of 
the  sediments  (i.  e.  ,  sand,  silt,  mud,  clay)  are  required,  they  are 
given  in  Figure  5. 

Considerable  care  and  effort  have  gone  into  preparation  of 
Figures  4  and  5  to  eliminate  the  need  oflengthy  discussion  and  to 
facilitate  rapid  visual  communication  of  the  location  and  nature  of 
potential  reflectors.  Comparison  of  the  figures  reveals  good  and 
intermediate  reflectors  coincide  with  areas  where  the  normal  clay 
section  is  abruptly  interrupted  by  graded,  coarse  deposits.  The 
latter  provide  sharp  impedance  contrasts  close  to  the  surface  of  the 
sediment  sequence.  The  abyssal  plain  has  both  the  geometry  and 
sediment  necessary  for  good  reflection  of  sound. 

Reflectivity  within  the  limits  of  Hatteras  Abyssal  Plain 

The  northern  portion  of  the  plain  is  characterized  by  sand  and 
silt  intercalated  with  clay.  Coarse  units  act  as  good  reflectors  and 
strong  reflection  of  sound  should  take  place.  It  is  speculated  that 
the  highest  values  of  reflectivity  encountered  in  the  Hatteras  Plain 
will  occur  in  regions  where  sand  layers  constitute  a  significant 
portion  of  the  sediment  section.  The  northern  part  of  the  Hatteras 
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Abyssal  Plain  is  the  site  of  sand  accumulation  and  presumably 
will  reflect  sound  better  than  the  remainder  of  the  plain. 

Central  and  southern  regions  lie  beyond  sand  emplacement. 
Sediments  are  silt  inter  stratified  with  clay.  Here  silt  layers 
serve  as  multiple  sub-bottom  reflectors.  Their  finer  grain  size 
and  thinner  layering  offer  less  impedence  contrast  with  inter¬ 
calated  clays.  Overall  reflectivity  of  the  sea  floor  will  be  lower. 

A  slight  thickening  of  silts  at  the  southern  end  of  Hatteras  Plain 
suggests  ponding  of  turbidity  currents  behind  its  southern  topo¬ 
graphic  limit.  Thickening  of  the  layers  may  result  in  slightly 
better  reflection  of  sound  at  the  southern  end  of  the  plain. 

Acoustic  properties  of  sediments  from  areas 

surrounding  Hatteras  Abyssal  Plain 

To  the  east,  south  and  southwest  of  the  plain,  uniform  brown 
and  gray  clay  cover  the  ocean  floor  (Fig.  5).  Potential  reflecting 
horizons  are  extremely  rare  (Fig.  4).  The  change  from  inter- 
stratified  coarse-  and  fine-grained  deposits  of  the  plain  to 
monotonous  clay  sequences  of  abyssal  hills  is  abrupt.  The  bound¬ 
ary  coincides  very  well  with  limits  of  the  Hatteras  Abyssal  Plain 
presented  on  physiographic  diagrams  (Heezen  and  Tharp,  1957  and 
1968).  A  combination  of  increase  in  bottom  roughness  with  low 
velocity  sediments  in  regions  of  abyssal  hills  suggests  areas  surround 
ing  the  abyssal  plain  will  be  characterized  by  poor  reflectivity. 

The  situation  is  slightly  different  along  the  northwestern 
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limit  of  the  plain.  Here  widely  spaced  and  very  thin  layers 
(predominantly  1  cm  thick)  of  silt  and  sand  are  interlayered 
with  thick  units  of  clay.  They  are  either  products  of  settling 
of  finest  fractions  of  turbidity  currents  or  may  be  coarse  materials 
deposited  by  geostrophic  currents  (e.  g.  ,  Hubert,  1964;  Heezen  and 
Hollister,  1964;  Heezen  et  al.  ,  1967).  Distribution  of  the  layers 
is  limited  to  the  outer  continental  rise.  These  thin  but  relatively 
coarse  layers  may  be  acoustically  transparent  when  taken  individ¬ 
ually.  Nonetheless,  they  occur  throughout  the  length  of  the  cores 
and  when  combined  may  have  an  additive  effect  which  produces  an 
over-all  value  of  intermediate  reflectivity  at  the  outer  limits  of 
this  physiographic  province. 

The  inner  continental  rise  and  continental  slope  are  covered  by 
thick  sections  of  hemipelagic  muds  and  clays  (Fig.  5).  There  is  a 
slight  and  progressive  increase  in  mean  grain  size  toward  land. 

Lack  of  discrete  layering,  rapid  variation  in  mean  grain  size  over 
short  distances,  and  progressive  increase  in  bottom  slope  and 
roughness  presumably  cancel  out  improvement  in  reflectivity 
normally  associated  with  increase  in  mean  grain  size.  Prediction 
of  bottom  reflectivity  in  this  region  is  hazardous.  Hamilton  (19  69c) 
indicates  a  need  for  detailed  sediment  charts  of  the  continental  shelf 
Defore  making  predictions  of  its  acoustic  properties.  Heezen  et  al. 


(19  67)  report  considerable  variation  in  the  reflectivity  of  the 
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continental  slope  and  continental  rise.  Our  examination  of  cores  from 
these  physiographic  provinces  corroborates  their  findings.  Sediments 
are  extremely  variable  and  are  laid  down  on  a  highly  irregular  surface. 
Shape  of  the  ocean  floor  and  nature  of  the  sediments  combine  to  give  a 
bleak  picture  of  predicting  the  regional  acoustic  character  of  either 
the  inner  continental  rise  or  continental  slope. 

Blake- Bahama  Abyssal  Plain 

The  narrow  Blake- Bahama  Abyssal  Plain  lies  immediately  sea¬ 
ward  of  the  Bahama  Islands  (Fig.  4).  Two  acoustic  stations  of  the 
Marine  Geophysical  Survey  Project  are  located  on  the  abysshl  plain. 
There  is  a  wealth  of  core  data  available  at  Lamont  from  the  plain; 
however,  only  a  brief  description  is  given  here.  The  Blake- Bahama 
Abyssal  Plain  is  covered  by  thick,  coarse  sands  and  sometimes  gravels 
inter  stratified  with  carbonate-rich  mud  and  clay.  Coarse  layers  are 
common  in  most  cores  and  are  composed  of  fragmental  biogenic 
carbonate.  The  material  is  derived  from  reefs  associated  with  the 
Bahama  Islands.  Periodically,  coarse  debris  from  reefs  slumps 
down  steep  insular  slopes  and  accumulates  as  thick  units  covering 
the  abyssal  plain.  The  coarse  layers  have  both  massive  and  graded 
textures  suggesting  deposition  by  local  submarine  slumping  and 
turbidity-current  activity.  Cores  matched  to  the  MGS  stations  are 
shown  in  Figure  4,  whereas  the  area  of  gravel  and  sand  derived  from 
the  Bahama  Islands  is  given  in  Figure  5. 
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TURBIDITY  CURRENT  DEPOSITS  AND  THEIR  BEARING  ON  THE 
DISTRIBUTION  OF  POTENTIAL  REFLECTORS 

Inspection  of  Figures  4  and  5  shows  most  reflectors  are  lo¬ 
cated  within  the  limits  of  Hatteras  Plain  and  associated  gently- 
sloping  deep-sea  fans.  This  portion  of  the  western  North  Atlantic 
has  been  filled  in  and  leveled  by  intermittent  addition  of  coarse  sedi¬ 
ment  by  turbidity  currents.  Progressive  burial  of  pre-existing 
topography  has  ultimately  produced  the  flat  surface  of  the  plain. 

Every  core  from  the  plain  is  composed  of  turbidites  interlayered 
with  clay.  The  coarse  layers  are  the  only  potential  reflectors  of 
sound  within  the  sediment  section  penetrated  by  the  cores.  There¬ 
fore,  in  order  to  understand  the  reflectivity  of  the  sea  floor  of  this 
region  it  is  important  to  understand  the  process  which  emplaced  the 
sediments  capable  of  reflecting  sound.  Several  complete  reviews  and 
bibliographies  covering  the  subject  of  turbidity  currents  are  already 
available  (e.  g.  ,  Society  of  Economic  Paleontologists  and  Mineralo¬ 
gists,  Special  Publication  No.  2,  1951;  Bally,  1957;  Kuenen  and 
Humbert,  19  64;  and  Dzulynski  and  Walton,  1965). 

It  is  not  the  purpose  of  this  report  to  review  the  research  done 
on  turbidity  flows.  However,  a  very  brief  statement  is  included. 
Turbidity  currents  are  dense  clouds  of  suspended  sediment 
triggered  by  natural  phenomena  such  as  earthquakes  or  slope 
failure  due  to  overloading.  After  movement  is  initiated,  bottom¬ 
seeking  currents  move  downslope  under  the  influence  of  gravity  from 
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points  of  origin  on  the  outer  continental  shelf  or  upper  continental 
slope.  Submarine  canyons  serve  as  main  avenues  of  transfer. 

Currents  often  reach  high  velocities  (e.  g.  ,  50  knots,  Heezen 
and  Ewing,  1952)  and  have  the  ability  to  transfer  enormous  volumes 
of  sand  and  silt  to  abyssal  depths  in  a  short  time.  Forward  momen¬ 
tum  of  flows  is  checked  by  decrease  in  gradient  at  the  line  of 
juncture  of  the  continental  rise  and  adjacent  abyssal  plain.  These 
density  currents  have  emplaced  the  sands  and  silts  of  Hatteras  Plain. 

Distribution  of  coarse  sediment  within  the  plain  (Fig.  5) 
suggests  Hudson  and  Hatteras  Canyons  have  served  as  prime  routes 
of  flow  of  turbidity  currents.  Areas  of  sand  lie  at  seaward  ends  of 
the  canyons  where  velocity  of  the  currents  has  been  checked  by  an 
abrupt  reduction  of  slope.  Here  sand  is  dropped  from  the  advancing 
currents  because  lower  velocities  render  impossible  the  maintenance 
of  sand  in  suspension.  Sand  is  limited  to  cores  from  Hudson  and 
Hatteras  Deep-Sea  Fans,  and  areas  immediately  seaward  (Figs.  4,  5). 

Beyond  deep-sea  fans,  velocities  of  turbidity  currents  are 
lower,  flows  advance  more  slowly,  and  the  upper  size  limit  of 
sediment  carried  in  suspension  is  coarse  silt.  With  farther  and 
farther  transport  down  the  plain  there  is  progressive  slowing  of  the 
current  and  silt  is  dropped  from  suspension.  These  graded  layers 
cover  much  of  the  middle  and  southern  portions  of  Hatteras  Plain 
(Fig.  5).  The  silts  are  distal  equivalents  of  the  sands. 


There  is  a  slight  increase  in  thickness  of  many  silt  layers 


at  the  extreme  southwestern  corner  of  the  abyssal  plain.  Currents 
which  successfully  negotiate  the  entire  length  of  the  plain  appear 
to  pond  against  abyssal  hills.  Heezen  et  al.  (1967)  suggested 
ponding  occurs  at  the  greatest  depth  attainable  by  turbidity  currents. 
It  is  interesting  to  note  there  is  not  an  equivalent  thickening  of  silt 
units  in  the  southeastern  corner  of  the  plain.  This  may  be  indirect 
evidence  lending  support  to  the  idea  that  some  turbidity  currents 
spill  out  of  Hatteras  Abyssal  Plain,  pass  through  Verna  Gap,  and 
deposit  sediment  on  Nares  Abyssal  Plain. 

CONCLUSIONS 

Sands  and  silts  intercalated  with  clay  dominate  sediments  of 
the  Hatteras  Abyssal  Plain.  The  coarse  layers  have  high  velocity 
and  wet  density  characteristics  and  offer  sharp  contrasts  in  acoustic 
impedance  both  at  or  just  below  the  water  -  sediment  interface. 

Thickest  and  coarsest  sands  occur  on  the  Hatteras  and  Hudson 
Deep-Sea  Fans  and  immediately  seaward  of  the  fans.  Where  the  sea 
floor  is  level  and  sand  dominates,  reflectivity  should  be  very  good. 
The  central  portion  of  the  Hatteras  Abyssal  Plain  is  covered  by 
sequences  of  alternating  silt  and  clay.  The  silts  offer  multiple  re¬ 
flectors  and  over-all  reflectivity  should  be  good.  At  the  extreme 
southwestern  corner  of  the  plain  ponding  of  silt  has  taken  place, 
potential  reflectors  are  thicker,  and  sound  reflection  should  be 
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good  (slightly  higher  than  that  of  the  central  area  of  the  plain). 

Based  on  the  small  number  of  cores  available  from  the  southeast¬ 
ern  corner  of  the  Hatteras  Abyssal  Plain,  reflectivity  should  be 
moderate. 

Cores  taken  immediately  east,  south,  and  southwest  of  the 
Hatteras  Abyssal  Plain  consist  of  uniform,  low  velocity  clay.  Un¬ 
less  reflective  horizons  lie  at  depths  greater  than  those  reached  by 
coring,  sound  reflection  in  these  regions  should  be  at  a  minimum. 

Reflectivity  should  decrease  in  a  landward  direction  within 
the  limits  of  the  outer  continental  rise.  Prediction  of  the  acoustic 
properties  of  the  inner  continental  rise  and,  more  particularly,  the 
continental  slope  without  detailed  surveys  of  topography  and  sedi¬ 
ments  is  not  possible.  Our  survey  reveals  both  bottom  roughness 
and  highly  variable  textural  properties  of  sediments  in  these  physio¬ 
graphic  provinces  present  a  poor  and  unpredictable  acoustic 
interface. 

The  Blake- Bahama  Abyssal  Plain  is  covered  with  carbonate 
sands  and  gravels  inter  stratified  with  carbonate-rich  muds  and 
clays.  Cores  suggest  bottom  reflectivity  will  be  good. 

Results  of  a  survey  of  sediment  cores  from  the  Hatteras  Abyssal 
Plain  indicate  submarine  physiography  and  abyssal  sedimentation  may 
well  control  reflection  of  sound  at  the  ocean  floor.  A  single  sediment¬ 
ary  process,  the  turbidity  current,  has  leveled  the  region  of  the 
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abyssal  plain  providing  an  interface  with  perfect  shape  for  sound 
reflection.  In  addition,  turbidity  currents  have  laid  down  inter- 
stratified  coarse-  and  fine-grained  layers,  the  former  being 
potential  surface  and  near- surface  reflecting  horizons.  The 
survey  lends  weight  in  favor  of  the  argument  that,  to  predict  sound 
reflection  at  the  sea  floor,  it  is  first  necessary  to  understand 
submarine  physiography,  sediment  properties,  and  sediment 
processes  (Heezen  et  al.  ,  1967;  Hamilton,  1969c;  Horn  et  al.  ,  1968b). 
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APPENDIX  A 


CORE  NUMBER,  LOCATION,  WATER  DEPTH  AND  LENGTH  OF  CORE 


Location,  Depths  and  Lengths  of  Cores 
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APPENDIX  C 


TABLE  OF  PREDICTED  SOUND  VELOCITIES  AND  WET  DENSITIES 
BASED  UPON  MEAN  GRAIN  SIZES  OF  SEDIMENTS 
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APPENDIX  D 


CORE  DATA  MATCHED  TO  ACOUSTIC  STATIONS  OF  ALPINE 
GEOPHYSICAL  ASSOCIATES,  AREA  2  -  ATLANTIC, 
MARINE  GEOPHYSICAL  SURVEY  PROJECT 


U.S.  NAVAL  OCEANOGRAPHIC  OFFICE 


LEGEND  TO  ACCOMPANY  APPENDIX  D 


Lithology 


•  • 

'  •  • 
•  • 


Sand 


Gravel 


Graded  Unit 


Reflectors :  Solid  black  bars  in  columns  give  position  and 

thickness  of  potential  reflecting  horizons. 

Reflectors  are  layers  whose  physical  properties 
present  high  contrasts  in  acoustic  impedance 
relative  to  the  overlying  seawater  or  sediments 
with  which  they  are  inter  stratified. 

The  breakdown  is  qualitative:  1)  good  reflector  -- 
>10  cm  thick,  2)  intermediate  reflector  --  5  to 

10  cm  thick,  3)  poor  reflector  -  -  <5  cm  thick 
with  well-defined  upper  and  lower  limits,  and 
4)  questionable  reflector  --  <5  cm  thick  with 
poorly-defined  limits. 

Predicted  velocity:  Dashed  line  outlining  the  velocity  profile 
of  core  represents  predictions  taken  from  table 
given  in  Appendix  C.  Velocities  are  adjusted  to 
23°C  at  1  atmosphere  pressure.  They  must  be 
corrected  to  in  situ  conditions  prior  to  use  in  the 
field.  Prediction  of  sound  velocity  is  based  on 
mean  grain  size  of  sediment. 

Wet  density:  The  profile  of  wet  density  is  a  prediction  using 

mean  grain  size  as  an  index  to  physical  properties 
of  the  cores.  These  predictions  are  arrived  at 
indirectly  and  should  be  used  with  this  understanding. 

Mean  grain  size:  Solid  line  on  textural  profile  of  core  indicates 
actual  laboratory  measurement.  Dashed  line 
includes  sections  of  core  where  direct  measurement 
was  not  made,  but  data  were  determined  from 
representative  samples  of  similar  layers 
comprising  core. 
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VI9-4  MGS  2-38  reflectors  predicted  velocity  wet  density  mean  grain  size 
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RC9-3  MGS  2-41  REFLECTORS  predicted  velocity  wet  density  mean  grain  size 
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V24-2  MGS  2-45  REFLECTORS  PREDICTED  VELOCITY  WET  DENSITY  MEAN  GRAIN  SIZE 
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